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ABSTRACT

In this paper, we propose and demonstrate a transparent
and flexible tactile sensor which is designed for multi touch
screen application. The sensor module is composed of 2-D
array capacitive tactile cells to measure the touch force on
The
transparent materials on transparent plastic substrate. The

multiple positions. device was fabricated with
touch input was measured by the capacitance variation
resulting from the mechanical deformation of parallel plate
capacitor.
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INTRODUCTION

A touch screen is a display which can detect the
presence and location of a touch within the display area.
Currently touch screens, because they provides very
intuitive user interfaces, are widely used not only in screens
for computer system in inductry but also in hand-held
devices such as mobile phone, PDA, and car navigation
systems.

The important characteristics of touch screen which is
utilized with display includes ; Transmittance, resolution,

Table 1. Comparison table for touch screen technologies

resistance to surface contamination, durability (life time),
multi-touch recognition, display size, force sensing.

There are a number of types of sensing technology for
touch screen. A resistive [1] and capacitive [2] detection
methods have been widely used in conventional touch
screens. But these types only recognize single touch point.
Recently multi touch screens recognizing multiple
simultaneous touch points are often associated with
hand-held mobile devices such as Apple Inc’s iPhone.
There are several technologies for multi touch recognition.
The patterned capacitive type involves transparent row and
column electrodes arrays embedded within insulating
material [7, 8]. The change of capacitance at finger touch
points is monitored. Table 1 is comparison table of touch
screen technologies.

The above mentioned touch screen technologies are
well adopted to plat panel display. However nowadays
many researches have been reported about flexible display
because the plat pannel display using glass substrate is
difficult to carry and easily broken [9, 10]. To be utilized in
flexible display, the touch screen should also show flexible
property. However, as seen in Table 1, most of the touch
screens didn’t show flexibility. So in this work, transparent
and flexible tactile sensor which is designed for multi touch

.. .. Strai Patt d
Resistive Capacitive IR SAW DST ram a erér}e
gauge capacitive
Transmittance'” Poor Good Good Good Very good | Very good Poor
Multi touch® No No No No NA® No Yes
Force sensing No No No NA Yes Yes No
Flexibility NA NA No NA NA NA NA
A A A Al A
Input n}./ Finger ny ny n}./ ny Finger
materials materials materials materials materials
Reference (1] (2] (3] [4] [5] [6] [7], [8]

While this table presents general characteristics of the different touch screen technologies, variations can occur in
manufacturer-specific models.
(1) Poor <~90%, Good >90%, Very good >~97%
(2) Multi touch means the ability to recognize multiple touch points without limitation.
(3) NA : Not available from manufacturer or no enough information.
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screen application.

Various tactile sensors with force sensing have been
researched for the last years mainly for artificial skin for
robot applications [11, 12], wearable computers [13], and
mobile or desktop haptic devices [14]. But most of devices
are not suitable for touch screen of display systems because
of their non-transparency of materials.

In this paper, we propose and demonstrate a transparent
and flexible tactile sensor which is designed for multi touch
screen application.

DESIGN

Four popular pressure sensing mechanisms for tactile
sensors have been reported: resistive, piezoresistive,
piezoelectric, and capacitive sensing mechanisms. In
resistive sensors, resistance change induced from squeezed
resistive material between electrodes is measured [15]. A
piezoresistive sensing mechanism uses strain gauge to
measure deformation of a tactile cell [16]. A piezoelectric
mechanism measures the accumulation charges and
resulting voltage buildup as membrane is forced. But
piezoelectric sensor cannot detect static force [17]. A
capacitive sensing mechanism measures capacitance
change induced from gap change between electrodes [11].
Among these mechanisms, a capacitive sensing mechanism
has been used in this work because it is less susceptible to
noise and immune to temperature change. In addition,
capacitive sensor can detect static input.

Figure 1 show the cross-sectional view of proposed
tactile sensor. Table 2 shows the parameter of proposed
device. The two substrates (top and bottom plates) are
transparent Polycarbonate (PC) films (120 pum thick). Thin
transparent 1ZO layer was used for electrodes and signal
line. The two electrodes forms a capacitor separated by 18
um via SU-8 spacers. The cell size and electrode size are 2

x 2 mm”and 1 x 1 mm? respectively. Initial capacitance of

Table 2. Parameters of proposed device.

Parameters Values
Thickness of top plate 120 um
Spacer height 13 um
Thickness of electrode 0.13 pm
Thickness of insulator 5 um
Thickness of Bottom plate 120 um
Electrode width (dg) 1 mm
Gap between spacer (ds) 1.8 mm
Width of single cell (dc) 2 mm

Top plate

Spacer Spacer

Insulating layer

Bottom plate

P oo
y

de
ds
dc

Figure 1: The cross-sectional view of tactile sensing unit cell
and its dimensions.

one cell has been estimated as 611 fF assuming the relative
permittivity of SU-8 as 3.2. When a touch pressure is
applied on the surface of upper plate, the gap between two
plates decreases and capacitance increases until the gap is
closed. By measuring the capacitance for entire capacitive
array cells, we can determine the touch position and applied
force on multiple locations.

FABRICATION

Fabrication process is shown in Figure 2. Each layer is
processed separately and bonded together. We wused
1ZO-coated polycarbonate (PC) film. For photolithography
the films were mounted on silicon wafer. For top plate, first
the 1ZO layer was patterned (Figure 2 (a)) using general
photolithography and 1ZO etchant (HCI:HNOs=3:1). Next,
the SU-8 2007 (Microchem. Co) was patterned to form a 13
um height spacer on top substrate (Figure 2 (b)). For bottom
plate the 1ZO layer was also patterned for bottom electrode
(Figure 2 (c)). Next a thin SU-8 2005 (thickness of 5 pm)
was spin-coated on bottom substrate to form insulation
layer between top and bottom electrodes (Figure 2 (d)).
Lastly, top substrate was aligned and bonded with bottom
substrate to complete the sensor (Figure 2 (e)). Figure 3
shows the fabricated tactile sensor. The initial device was
designed to have 20 x 20 capacitive cells and the size of
entire sensor module is 6 x 6 cm” including interconnection
pads. The fabricated sensor shows good flexibility as shown
in the figures.
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Figure 2: Process flow of a tactile sensor

EXPERIMENT AND RESULTS

Figure 4 shows the transparency of the fabricated tactile
sensor on LCD display.

We set up custom-made equipment for touch force
characterization because there is no commercial tool
available for contact force measurement in a small scale.
Fig. 5 displays our setup for contact force measurement. A
force gauge with sharp tip has been used to apply a pressure
on a specific capacitive cell precisely. This gauge has 1 mN
resolution.

For read capacitance change on every cell, the readout
circuitry has been designed to select every cell by row and
column decoder. The readout analog signal is processed by
custom-designed FPGA and final image was displayed by
LabVIEW (NI).

A multi touch tactile images captured from the
fabricated sensor are shown in Figure 6. The initial
capacitance of a cell has been measured about 900 fF. There
is saturation after 520 mN (520 kPa), which means both
upper and bottom electrodes are in contact with an
insulation layer between them.
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Figure 3: Fabricated tactile sensor. (a) Flexibility and (b)
Magnified touch sensor.

Figure 4: Fabricated tactile sensor on LCD display.



Figure 5: The measurement setup.
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Figure 6: Multi touch tactile images captured from the fabricated
sensor.

CONCLUSION

A sensor module consists of a 20x20 tactile cell array
with 2 mm spatial resolution. The fabricated tactile sensor
module shows good flexibility and captures multi touch
images. Since the proposed tactile sensor modules are
flexible and transparent, they can be a good candidate for
touch screen for flexible display in the future.

ACKNOWLEDGEMENT

This work was supported by the IT R&D program of
MKE, [2008-F-024-02, Development of Mobile Flexible
IOP Platform)].

REFERENCES

[1] R. S. Cok, R. R. Bourdelais, C. J. Kaminsky, “Flexible
resistive touch screen”, US Patent 2004/0212599 Al.

[2] P. W. Kalendra, W. J. Piazza, “Automatic calibration of
a capacitive touch screen used with a fixed element flat
screen display panel”, US Patent 5283559.

[3] R. W. Doering, “Infrared touch panel”, US Patent

4868912.

[4] R. Adler and P. J. Desmares, “An Economical Touch
Panel Using SAW Absorption,” IEEE Transactions on
Ultrasonics, Ferroelectrics and Frequency Control, vol.
34, Issue 2, pp. 195-201.

[5] http://solutions.3m.com/wps/portal/3M/en_US/3MTou
chSystems/TS/Solutions/TouchScreens/DispersiveSig
nal/

[6] T. Young, “Force sensitive touch panel”, US Patent
5241308.

[7] H. Philipp, “Capacitive sensor and array”, US Patent
6452514.

[8] S. Hotelling, J. A. Strickon, B. Q. Huppi, “Multipoint
touchscreen”, US Patent 2006/0097991.

[9] G. P. Crawford, “Flexible Flat Panel Display
Technology,” Wiley, New York, 2005.

[10] P. Mach, S. J. Rodriguez, R. Nortrup, P. Wiltzius, and J.
A. Rogers, “Monolithically integrated, flexible display
of polymer-dispersed liquid crystal driven by
rubber-stamped organic thin-film transistors,” Appl.
Phys. Lett. Vol. 78, No. 23, pp. 3592, 2001.

[11] H.-K. Lee, S.-I. Chang and E. Yoon, “A Flexible
Polymer Tactile Sensor: Fabrication and Modular
Expandability for Large Area Deployment”, J.
Microelectromech. Syst., vol.15, No. 6, pp. 1681-1686,
2006.

[12] 1. Engel, J. Chen, and C. Liu, “Development of
polyimide flexible tactile sensor skin”, J. Micromech.
Microeng., vol. 13, no. 3, pp. 359-366, 2003.

[13]  T. Hoshi, H. Shinoda, “A Sensitive Skin Based on
Touch-Area-Evaluating Tactile Elements”, [EEE
Haptic Interfaces for Virtual FEnvironment and
Teleoperator Systems’06 Conference, Alexandria, pp.
89-94, 2006.

[14]  D. C. Ruspini, K. Kolarov, O. Khatib “The haptic
display of complex graphical environments”, Computer
graphics and interactive techniques’07 Conference, pp.
345 -352,1997.

[15] M. Shimojo, A. Namiki, M. Ishikawa, R. Makino, and
K. Mabuchi, “A tactile sensor sheet using pressure
conductive rubber with electrical-wires stitched
method,” IEEE Sensors J., vol. 4, pp. 589-595, 2004.

[16] B. J. Kane, M. R. Cutkosky, and G. T. A. Kovacs, “A
traction stress sensor array for use in high-resolution
robotic tactile imaging,” IEEE J. Microelectromech.
Syst., vol. 9, no. 4, Dec. 2000.

[17] J. Dargahi, N. P. Rao and S. Sokhanvar, “Design and
microfabrication of a hybrid piezoelectric-capacitive
tactile sensor,” Sensor Review, vol. 26, pp. 186, 2006.

CONTACT
: Kwang-Seok Yun, Tel: 82-2-705-8145;
ksyun@sogang.ac.kr

1149



